Introduction
The idea behind the Aarhus storage ring was to design a facility which could function both as a synchrotron radiation source (SR) in the XUVNUV region and as a ring for ion storage. The ion storage was meant to be used for investigations of laser cooling and atomic collisions in flight, using the electron cooler as a target.
The storage ring was operational with ions in the spring 1990 and with electrons in April 1991. In the following, the storage ring and injectors will be presented, followed by a short description of the equipment for cooling and SR-experiments. Also the new ion sources and detection facilities will be described together with plans for an upgrading of ASTRID as a SR-source.
2.
The storage ring ASTRID
In Fig. 1 is shown the underground laboratory housing: ASTRID, injectors and SR beamlines.
Only the electron injector (a 100 MeV microtron) is placed in a shielded room. The radiation level in the laboratory is only hazardous during electron injection, why the hall is evacuated during these few minutes. The minor shielding around the bending magnets means that large solid angles (S 50 mrad) of SR can be accepted by the monochromators. ASTRID [1,2] is quadratic with two 45' bending magnets in each corner. The lattice configuration resembles that of LEAR, CERN. The four groups of quadrupoles enable two modes of focussing, namely: one with a four-fold symmetry and one with a two-fold sym-metry. In the latter, the dispersion function in two opposite straight sections can be varied continuously between 0 and 6 m without changing the working point. Lattice functions are summarized in Table 1 and plotted in Fig.  2 . Here it can be seen that two straight sections are dispersion free. This is important for introducing insertion devices, cooling experiments and co-rotating ions with difference in velocity.
Two families of 8 sextuples are available for chromaticity corrections. These sextuples are surrounded by 8 vertical and 8 horizontal correction dipoles. On the main dipoles there are back-leg windings for a relative correction of the dipoles.
The rest-gas collisions is one of the limiting factors for the lifetime of stored ions, hence the vacuum system is designed for the 10-l2 torr region. To obtain such low working pressure, the system must be baked to 300°C by a permanent bake-out installation. Clearing electrodes are installed to reduce ion trapping from rest gas. For acceleration, two different RF-systems are used. In the ion case a ferrite-loaded cavity is available, which operates in the region of (0.4 -5 ) MHz, giving a maximum voltage of 2 kV. For electrons a copper-plated coaxial TEM cavity is used, operating at 104.9 MHz.
For injection, a common magnetic septum and a kicker (magnetic/elect.rostatic) is used. With this septum it is also possible to extract all electrons in the ring in one short pulse or part of them (the tail) during operation for SR. Such secondary electrons can be used to test new equipment for high-energy physics and astrophysics.
In all, the change over from ion storage to SR production only requires exchange of the RF/kicker unit -a 1-2 days operation; because of this easy exchange procedure the running schedule is now parted up in 10 weeks periods alternating between ion-and electron storage.
The beam diagnostics consist of 8 horizontal and vertical position pick-ups, scintillation screens, transverse and longitudinal Schottky pick-ups, beam current transformers, beam scrapers, and position-sensitive SR detectors.
The control system is modelled after LEAR, and is based on a NORD main computer with PCs as consoles. The dynamics parameters are controlled by specially programmed function generator modules downloaded from the control computer.
3.
Injectors a. The ion injector.
A 200 kV isotope separator with a very stable power supply (RMS < 1 V) is used for ion injection. Three different types of ion sources can produce single and multiple charged ions of nearly all elements. A charge exchange cell is installed in the injection line to increase the current of negative ions. Differential pumpin separates the high pressure ( 1 0 -~ tom) in the ion source from the ultra high vacuum (10P12 torr) in the storage ring. A new injection facility, with an Electron Beam lon Source (EBIS), in collaboration with the Manne Siegbahn Laboratory, Stockholm, is under construction. Here, highly charged ions are produced with charge states up to around 20. The ionization is performed by an electron beam which is focussed and injected into a solenoidal magnetic field, where the electrons are compressed to a high current density. Atoms injected into the solenoid will be ionized and radially trapped. By increasing the potential of the central drift tube, the ions are extracted into the injection line.
b. The electron injector.
A 100 MV race-track microtron (RTM), developed by M. Eriksson, Lund, Sweden, has been built (see Ref.
3 for details). The RTM parameters are given in Table 2 . As mentioned above, the ASTRID lattice is dispersion free in opposite straight sections (Fig.  2) . For a SR source the beam size in the dipoles should be very small in order to obtain a good emittance and dispersion-free in straight section for insertion devices. From Fig. 3 is seen that the ASTRID lattice fulfills these requirements. In the case of ion storage, two different cooling schemes are installed, i.e. laser cooling and electron cooling. The basic idea in laser cooling is shown in Fig. 4 The horizontal scale is the difference between the lakr frequency and the resonance frequency in the 100-keV particle frame. In this frame the fixed laser (copmpagating) is detuned 1100 MHz to the red.
Fig. 6: T i e development of the velocity dishibution of a RF-bunched stored beam using laser cooling.
At injection, the longitudinal TI and transversal (TI) temperatures were 100°mK and 1000°K, respectively (see Ref. 4 for details). Later experiments have shown that the prime reason for the "edge" effect was a higher-order vertical resonance in the beam which showed up around 1 'sec after the injection and caused a substantial loss of particles. At a slightly different tune the "edge" effect disappeared but the final cooling temperature was considerably higher (200°mK).
A new ion (%M~+) has recently been used for laser cooling because here a closed transition from the ground state is available instead of the small fraction of metastable ions in the 7~i + case. When the 2 4~g + is stored and RF bunched, the ions oscillate around the synchrotron energy. The amplitude of these oscillations can be strongly damped by the laser, as is shown in Fig. 6 . This technique leads to a steady-state cold-stored beam using only one laser.
Equipment for electron cooling is also installed in one of the straight sections. Most ion velocities in ASTRID are small (P 1 0.1) so that the electron energy for the cooler can be kept below 3 keV. The low power levels associated with these energies mean that a classical electron gun of the Pierce type can be used. The focusing action of the anode aperture has been circumvented by placing a grid in the aperture. The electron cooler has until spring 1992 been installed in one of the tandem-beams for merged ion-electron beam experiments -like dielectronic recombination (DR) investigations. In Table 3 are given the parameters for the electron cooler. In a recent experiment, the hydrogen isotope D+ was injected at 150 keV and accelerated to 4 MeV by the RF system. 
Ion storage
Storage rings have for a long time been very important experimental tools in particles physics and for production of SR. Recently, however, it has turned out that storage rings are unique instruments in atomic physics research as well. Heavy ions (positivelnegative) can be stored for several seconds to allow for long-raiige observation of atomic lifetimes in the range of -lops to -100 ms -a time region, which is almost inaccessible through normal beam technique.
Measurements of structuraYdynamical properties of weakly bound negative-ion systems provide an excellent test of calculations on many-body systems and electron correlation effects.
Ion storage was started in the spring 1990. Since then, a large number of positive and negative ions have been stored. Ion species and clusters, which never were thought of during the design studies, have been stored. Until now, more than 30 ions and clusters of both polarities and with masses from 1 to 840 amu haven been stored at energies ranging from 6 keV to 6 MeV. The ion types stored in ASTRID are shown in Table 4 .
A new detector facility is constructed for the next ion period. The facility is installed in the corner behind the electron cooler using the 45' dipole as analyzing magnet.
Here it is possible to analyze charge and mass of fragments/ions/clusters from ion collisions with electrons and photons. For research programs, see Refs. 5, 6 and 7.
6.
The synchrotron radiation facility
The design values for ASTRID operating as a SR source are shown in Table 5 . while in Fig.  8 a comparison between radiation spectra from ASTRID and other SR facilities are depicted.
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Photon energy (keW The radiation spectrum from ASTRIO and some high-energy synchrotron radiation sources. The visible part of the spectrum is indicated. It can in fact be shown that the machine energy and beam emittance of ASTRID are very well matched to provide an optimum undulator source (10-40 eV) for solid state and atomic phsyics. This is because the quality of the undulator is related to the K-dependent fluc period in the device divided by the period itself. Normally, K is restricted to around 3 due to the undesirable "beta beating" at higher fields.
From this it is seen that ASTRID compares quite well in the XUVNUV region. In Table 6 is given the RMS beam size and divergence in the middle of the straight section (for insertion devices) at the entrance and in the middle of a 90° dipole.
Until now, the following three SR beamlines are constructed, i.e. a) a dedicated beamiine for imaging x-ray microscopy, b) a Zeiss (SX.700) plane grating monochromator 
Middle of straight section
To increase the SR-flux, two undulators are under construction, i.e. a micropole undulator with minimum gap of 1 mm will be installed between the corner dipoles, where the beam cross section is very small. The device has 15 periods of (6 mm length) permanent magnets (SmCo(2:17)). The material has been tested concerning out-gassing and has been found fully compatible to ASTRID-vacuum. The radiation flux is more than 10 times higher than that from a dipole in the water window (0.28 to 0.54 keV), and will be used for x-ray microscopy. A standard VUV undulato~ with a spectrum as shown in Fig. 10 is under construction.
In order of increasing the number of straight sections in ASTRID, a triangular addition is proposed (as indicated in Fig. 1 ). Two 45' skew sections can be added to the old ring. The 90' bending at the top will be performed by two 45O superconducting magnets. Hereby two new straight sections with at least 2m free space in each will be obtained for insertion devices. Next, the superconducting magnets (6-7 Tesla) act as wigglers to increase the characteristic energy of SR to 2.5 keV. A new laboratory space (1500 m2), surrounding the existing facility, has already been approved.
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Conclusion
The present description of ASTRID shows that it is possible to construct a lattice which fulfills the requirements to heavy ion storage and at the same time compares well with other SR sources in the soft x-ray region. Such a facility can serve a broad scientific society in physics, chemistry, biology, and materials science, and can be used as a home-laboratory for high energy physics and astrophysics.
